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play	as	a	photolytic	precursor	 for	 the	chlorinated	Criegee	 intermediate	ClCHOO.	 	CHI2Cl	has	been	
synthesized	 and	 its	 UV	 absorption	 spectrum	 measured;	 relative	 to	 that	 of	 CH2I2	 the	 spectrum	 is	
shifted	to	longer	wavelength	and	the	photolysis	lifetime	is	calculated	to	be	less	than	two	minutes.		
The	photodissociation	dynamics	have	been	investigated	using	DC	slice	imaging,	probing	ground	state	
















Organoiodine	 compounds	 are	 photochemical	 precursors	 for	 iodine	 atoms	 in	 the	 atmosphere	 and	
oxides	of	iodine	play	an	important	role	in	catalytic	depletion	of	tropospheric	ozone	and	new	particle	














the	 band	 maximum	 occurs	 primarily	 via	 a	 parallel	 transition	 to	 the	 repulsive	 3Q1	 state	 which	
correlates	with	spin-orbit	excited	I*(2P1/2)	atoms.		The	small	fraction	of	ground	state	I(2P3/2)	atoms	
result	 from	surface-hopping	via	an	exit	channel	conical	 intersection.	 	The	fraction	of	 the	available	
energy	partitioned	into	relative	translation,	fT,	of	the	CH3	and	I	products	is	around	0.7–0.8.		The	subset	






























the	 laboratory	 synthesis	 of	 the	 Criegee	 intermediate	 formaldehyde	 oxide,	 CH2OO.	 	 Criegee	





initial	work	by	Eskola	et	al.	who	had	 identified	 I	atom	formation	 in	 the	CH2I	+	O2	 reaction.37	 	The	
CH2OO	 yield	 in	 the	 CH2I	 +	 O2	 reaction	 approaches	 unity	 at	 low	 pressure,	 decreasing	 to	 ~30%	 at	
atmospheric	pressure.38–40		The	UV	absorption	spectrum	of	CH2OO	has	been	measured	using	several	












rotational	 spectra	 of	 both	 anti	 and	 syn	 conformers	 using	 Fourier-transform	 microwave	




2+1	 resonance-enhanced	 multiphoton	 ionization	 and	 single-photon	 vacuum	 ultraviolet	 (VUV)	
ionization.	 	 The	 experimental	 measurements	 are	 complemented	 by	 high-level	 multi-reference	
electronic	structure	calculations,	including	effects	of	spin-orbit	coupling,	that	characterize	the	excited	
electronic	states	of	CHI2Cl	responsible	for	the	absorption	spectrum	and	the	dissociation	dynamics.		
Broadband	 transient	 absorption	 spectroscopy	 experiments	 demonstrate	 that	 the	 reaction	 of	 the	
CHICl	 radical	 photoproduct	 with	 molecular	 oxygen	 leads	 to	 formation	 of	 the	 ClCHOO	 Criegee	













The	 vapor	 pressure	 of	 CHI2Cl	 at	 294	 K	 was	 determined	 by	 connecting	 an	 airtight	 glass	 vessel	
containing	 CHI2Cl	 to	 a	 static	 cell	 and	monitoring	 the	 pressure	 increase.	 	 To	 obtain	 the	 gas	 phase	
absorption	spectrum,	a	small	sample	of	CHI2Cl	was	added	to	a	sealed	quartz	cuvette	and	allowed	to	
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equilibrate.	 	The	UV	absorption	 spectrum	was	measured	 from	190–400	nm	at	294	K	using	a	UV-
visible	spectrometer	(Cary	50).	
2.! DC	slice	velocity-map	slice	ion	imaging	
Photodissociation	 experiments	 were	 performed	 in	 a	 DC	 slice	 velocity-map	 imaging	 (VMI)	
spectrometer.	 	 The	 main	 characteristics	 of	 the	 setup	 have	 been	 described	 previously.18	 	 A	 liquid	
sample	of	CHI2Cl	stored	in	a	stainless	steel	bubbler	was	seeded	in	argon	(approximately	1%	CHI2Cl)	
at	1	atm	backing	pressure	and	was	supersonically	expanded	using	a	pulsed	nozzle	(General	Valve	



















Experiments	 were	 performed	 in	 a	 flash	 photolysis,	 single-pass	 transient	 absorption	 flow	 cell	





















sets.61,62	 	 The	 geminal	 Slater	 exponent	 was	 set	 to	 1.0	 �∀





Davidson	 correction	 (MRCI-F12+Q),63–65	 along	 with	 the	 double-zeta	 variants	 of	 the	 orbital	 and	
auxiliary	 basis	 sets	 detailed	 above.	 	 The	 complete-active-space	 self-consistent	 field	 (CASSCF)	
reference	for	these	calculations	consisted	of	12	electrons	in	10	orbitals	(6	A′	and	4	A″	in	Cs	symmetry),	
which	was	determined	by	inspecting	the	natural	orbitals	from	full-valence	CASSCF	calculations	and	
removing	 any	 orbitals	 from	 the	 active	 space	 that	 had	 occupations	 greater	 than	1.95	 for	 both	 the	






cc-pVDZ-PP	 basis	 and	 associated	 pseudopotential	 for	 iodine.58	 	 (ii)	 Potential	 energy	 curves	 were	
computed	by	scanning	along	a	C–I	bond	distance	(keeping	all	other	internal	coordinates	fixed	at	the	











A	 vapor	 pressure	 of	 0.58	 torr	 at	 294	K	 for	 CHI2Cl	was	measured	 in	 a	 static	 gas	 cell,	 and	used	 to	
determine	 the	 absolute	 absorption	 cross	 section	 by	 means	 of	 a	 simple	 Beer-Lambert	 analysis.		
Analogous	measurements	of	the	absorption	spectrum	of	CH2I2	vapor	resulted	in	cross	sections	that	
were	 in	 excellent	 agreement	 with	 previously	 reported	 values	 in	 this	 wavelength	 range.16,17	 	 The	
absorption	spectrum	comprises	five	Gaussian	bands,	with	maxima	at	349	nm,	302	nm,	264	nm,	220	
nm,	and	209	nm,	subsequently	labeled	A–E,	respectively.		Band	E,	which	is	not	shown	in	Figure	1,	has	
a	peak	 absorption	 cross	 section	 of	 2×10-17	 cm2	 and	 is	 the	most	 strongly	 absorbing	 feature	 in	 the	
spectrum.	 	The	absorption	spectrum	of	CHI2Cl	 is	 similar	 to	 that	of	CH2I2,	 as	shown	 in	Figure	1(b)	






1(c).	 	The	red	shift	 is	 likely	due	to	stabilization	of	the	σ*	antibonding	orbital,	as	noted	by	Lee	and	
Bersohn.14		Photoelectron	spectroscopy	measurements	on	various	halomethanes	have	suggested	that	








provides	a	high	degree	of	specificity	 for	 I	atoms	over	 I*	due	 to	a	 resonance	with	an	auto-ionizing	
Rydberg	state,	which	results	in	a	detection	sensitivity	that	is	19.2	times	greater.72,73		I*	atoms	were	
detected	using	2+1	REMPI	transitions	near	282	nm,	304	nm,	and	344	nm	in	one-color	experiments	
where	 the	 probe	 also	 acts	 as	 the	 photolysis	 beam.	 	 Direct	 integration	 (and	 appropriate	 Jacobian	
transformation)	 of	 the	 sliced	 images	 repres0065nted	 in	 polar	 coordinates	 � �, � ,	 yielded	 the	














� � ∝ 1 + ��8 cos �  
where	θ	is	the	angle	between	the	recoil	velocity	and	the	polarization	of	the	photolysis	laser	and	P2	is	
the	second	Legendre	polynomial.		The	angular	distribution	is	characterized	by	the	speed-dependent	
(or	 ET-dependent)	 anisotropy	 parameter,	 β,	 which	 takes	 limiting	 values	 of	 +2	 for	 a	 parallel	





�?≅Α = ℎ� − �∀ = �/Φ∗ + �ΓΗ + �∗ 
The	 internal	 energy	 of	 the	 parent	 CHI2Cl	 is	 assumed	 to	 be	 zero	 due	 to	 cooling	 in	 the	 supersonic	
expansion,	and	is	omitted	from	the	energy	balance	equation.	
Overall,	the	results	are	remarkably	similar	to	those	obtained	previously	for	CH2I2.18		Figure	2	shows	
I	 atom	 images,	 total	 translational	 energy	distributions,	 and	ET-dependent	 anisotropy	parameters.		
The	 images	comprise	overlapping	pairs	of	diffuse	anisotropic	 rings,	with	radii	 that	correspond	 to	
speeds	of	around	600–900	m	s–1.		The	maximum	intensity	for	the	fast-moving	I	atoms	is	found	at	the	



















photolysis,	 internal	 excitation	 of	 the	 radical	 is	 significant.	 	 The	 P(ET)	 distributions	 obtained	 are	
decomposed	 by	 fitting	 the	 fast	 components	 to	 Gaussian	 functions.	 	 The	 translationally	 slow	
component	that	appears	at	short	wavelength	is	fit	to	an	exponentially-modified	Gaussian;	the	origin	
of	this	component	will	be	discussed	later.		The	average	total	translational	energy	⟨ET⟩	associated	with	
production	 of	 I	 atoms	 increases	 steadily	 with	 excitation	 energy	 from	 0.41	 eV	 to	 0.68	 eV;	 the	
separation	 between	 the	 two	 fast	 components	 remains	 fixed	 at	 around	 0.20	 eV.	 	 The	 unimodal	
distributions	obtained	detecting	I*	are	in	general	slightly	narrower	than	those	obtained	for	I	atoms	
with	a	FWHM	of	0.16±0.3	eV	rather	than	the	values	of		0.24±0.04	eV	and	0.21±0.03	eV	found	for	each	
component	 of	 the	 bimodal	 I	 atom	 ET	 distributions.	 	 The	 trend	 in	 ⟨ET⟩	 is	 maintained	 however,	






�∗ = �∗ ℎ� − �ΓΗ − �∗�∀	
where	 the	 slope	 is	 fT	 and	 the	 x-intercept	 is	D0.	 	 For	 the	 I	 atom	data,	 a	 linear	 fit	 yields	 a	 slope	 of	
0.23±0.01	and	a	bond	dissociation	energy	of	1.73±0.11	eV,	where	the	uncertainties	are	derived	from	
the	fit.		I*	measurements	were	made	at	fewer	photolysis	wavelengths,	but	result	in	a	consistent	value	
for	 the	D0	 of	1.70±0.63	eV,	 although	with	 significantly	 larger	uncertainty.	 	The	 fraction	of	 energy	
partitioned	 into	 translation	 for	 I*	 production	 is	 slightly	 larger	 at	 0.28±0.05.	 	 We	 adopt	 the	 more	
precisely	determined	value	of	1.73±0.11	eV	for	D0	in	CHI2Cl.		A	similar	analysis	of	the	ET	distributions	






agreement	with	experiment	 for	CHI2Cl	 is	 likely	 fortuitous.	 	The	observation	of	a	weaker	C–I	bond	
upon	Cl	 atom	addition	 appears	 to	be	 at	 odds	with	photoelectron	 spectroscopy	measurements	 on	
dihalomethanes,	from	which	it	had	been	inferred	that	interactions	between	the	Cl	and	I	atoms	were	
weak.		However,	a	weaker	C–I	bond	is	consistent	with	the	chlorine	atom	having	a	stabilizing	effect	on	
the	 σ*	 antibonding	 orbital,	 which	 manifests	 in	 the	 absorption	 spectrum	 as	 a	 shift	 to	 longer	
wavelengths.	
Using	the	experimental	value	of	D0,	of	1.73	eV,	the	fraction	of	the	available	energy	partitioned	into	
translation	 �∗ = �∗ /�?≅Α	 is	 independent	 of	 wavelength;	 fT	 is	 0.23	 and	 0.29	 for	 I	 and	 I*	 atoms,	
respectively.	 	 This	 constancy	 occurs	 even	 though	 the	 excitation	 wavelengths	 span	 three	 distinct	
absorption	bands	and	 involve	excitation	 to	several	electronic	surfaces.	 	The	similarity	of	 the	 total	










distributions	 is	~0.2	 eV.	 	 A	 fraction	of	 the	hot	CHICl	 radicals	will	 likely	 have	 sufficient	 energy	 to	
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undergo	unimolecular	dissociation	to	form	CHCl	+	I	even	at	longer	photolysis	wavelengths,	consistent	
with	the	onset	of	 the	 isotropic	slow	component.	 	A	slow	component	was	also	observed	at	shorter	










The	 trend	 in	 fT	 following	 C–I	 bond	 cleavage	 in	 the	 dihaloalkanes	 approximately	 follows	 the	







�ρ = 1 − �∗ sin
8 �	











agreement	with	 the	 experimental	measurements.	 	 To	 estimate	 fR	 and	 fV,	we	 turn	 to	 the	modified	












where	b	 is	 the	 impact	parameter	 and	 I	 is	 the	 scalar	moment	of	 inertia.	 	 Values	of	��8/�	 are	 also	
collected	 in	 Table	 2.	 	 For	 the	 dihalolkanes,	 where	 the	 heavy	 atoms	 lie	 in	 a	 plane,	 the	 implicit	
assumption	that	rotation	is	about	one	of	the	radical	principal	axes	is	holds	true	and	IB	can	be	used.		














use	 the	 PMIFST	 program78	 to	 rotate	 the	 CHICl	 radical	 into	 its	 principal	 axis	 system	 and	 use	 the	
rotation	matrix	to	apply	the	same	transformation	to	the	r	and	vrecoil	vectors.	 	Using	average	recoil	
speeds	measured	experimentally,	ER	is	calculated	to	range	from	0.56–0.93	eV	for	I	atoms	and	0.39–
0.70	 eV	 for	 I*	 atoms,	with	 larger	 values	 corresponding	 to	photolysis	 at	 shorter	wavelengths.	 	 On	
average,	fR	is	found	to	be	0.32	(0.40)	and	fV	is	0.45	(0.31)	for	I	(I*)	atoms.	
Spin-orbit	branching.		Additional	I	atom	images	were	acquired	in	one-color	measurements	using	a	
2+1	 REMPI	 transition	 at	 304.67	 nm,	 near	 the	 304.02	 nm	 transition	 used	 to	 probe	 I*.	 	 These	
wavelengths	 correspond	 to	 excitation	 near	 the	 absorption	 maximum	 of	 the	 B	 band,	 as	 shown	 in	




� �∗,≅≅ = �∃� �∗,/ + �8� �∗,/∗ 	
The	 photolysis	 wavelengths	 in	 the	 one-color	 measurements	 are	 constrained	 by	 the	 two-photon	
atomic	resonances	and	differ	in	energy	by	only	9	meV.		Figure	5	shows	the	results	of	the	fit,	which	
allows	the	coefficients	c1	and	c2	to	vary,	subject	to	the	constraints	that	they	are	positive	and	sum	to	
unity.	 	 The	 best	 fit	 of	 the	 total	 translational	 energy	 distribution	 at	 304	 nm	 obtained	 using	 VUV	
ionization	returns	c1	=	0.91	and	c2	=	0.09.	 	After	accounting	 for	 the	relative	photoionization	cross	
18	
sections,	which	strongly	favor	detection	of	I	atoms,	the	yield	of	spin-orbit	excited	I*	atoms	is	0.65.		
The	yield	of	spin-orbit	excited	 iodine	appears	 to	be	significantly	 larger	 than	 in	 the	dissociation	of	
CH2I2,	where	yields	of	0.26–0.35	have	been	reported	following	excitation	to	the	B	band	maximum	at	
290	nm.21,22		
Angular	 distributions.	 	 ET-dependent	 anisotropy	 parameters	 derived	 from	 fitting	 the	 I	 and	 I*	
angular	distributions	are	 shown	 in	Figure	2	and	Figure	3,	 respectively.	 	The	 fast	 components	are	
characterized	 by	 positive	 �	 at	 all	 photolysis	 wavelengths	 for	 both	 I	 and	 I*,	 confirming	 prompt	






apparent	 turnover	 at	 266	 nm	 is	 likely	 due	 to	 contributions	 from	 the	 underlying	 anisotropic	
component	of	the	speed	distribution.		The	MPI	measurement	at	304	nm	gives	results	that	agree	with	
the	VUV	measurement	for	ground	state	I	atoms.		The	anisotropy	parameters	for	I*	atoms	fall	between	





� = 2�8(cos �) 
where	 χ	 is	 defined	 as	 the	 angle	 between	 the	 transition	 dipole	 moment,	 μ̂,	 and	 the	 Jacobi	 vector	
between	the	departing	I	atom	and	the	center	of	mass	of	the	CHICl	radical,	R/ .79		CHI2Cl	belongs	to	the	
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Cs	 point	 group;	 the	plane	 of	 symmetry	 is	 defined	 as	 the	x–y	 plane,	 	 as	 depicted	 in	 Figure	6.	 	 The	
transition	dipole	moments	lie	within	the	x–y	plane	for	excitation	to	A′	states	and	along	the	z-axis	for	
excitation	to	A″	states.	 	Using	the	geometry	for	X} 1′	CHI2Cl	obtained	from	the	ab	initio	calculations,	
excitation	to	A″	states	 is	predicted	to	 lead	to	fragments	with	a	 limiting	value	for	β	of	+1.87,	while	
excitation	to	A′	states	will	result	in	anisotropy	parameters	in	the	range	–0.99	to	–0.87,	for	transition	







for	 calculating	 the	 potential	 energy	 curves	 along	 the	 dissociation	 coordinate.	 	 Figure	 8	 shows	
potential	energy	curves	calculated	spin-free	(at	the	MRCI-F12+Q	level),	and	with	spin-orbit	coupling	
at	the	CASSCF	level	(CAS-SO,	see	the	theoretical	methods	section	for	full	details).		CAS-SO	calculations	

























CH2I,	 suggesting	 that	 the	addition	of	a	 chlorine	atom	would	have	a	minor	effect	on	 the	spin-orbit	


















explained	 by	 preferential	 excitation	 to	 the	 3A″	 state	 over	 the	 2A″	 state,	 even	 as	 the	 hopping	
probability	decreases.			
In	opposition	to	this	mechanism,	we	note	that	the	CAS-SO	potential	energy	curves	do	not	show	any	
obvious	 crossings	 between	 the	 3A″	 surface	 and	 lower	 energy	 states	 correlating	 with	 CHICl	 +	 I	
products.	 	Furthermore,	as	noted	by	Merrill	et	al.	discussing	CHBrCl2	photochemistry,82	 the	curve	








Single	 pass	 transient	 absorption	 spectroscopy	 was	 used	 to	 measure	 the	 absorption	 spectrum	 of	
ClCHOO	 in	 the	345–440	nm	wavelength	range	using	 the	same	approach	as	our	previous	work	on	
22	
CH2OO.44		Photolysis	of	CHI2Cl	at	355	nm	and	266	nm	was	used	to	generate	CHICl	radicals	in	a	50	cm	
flow	 cell.	 	 Photolysis	 at	 266	 nm	 required	 different	 beam	 steering	 dichroic	 mirrors	 and	 allowed	
measurements	to	be	extended	slightly	further	to	the	blue,	although	the	measurements	are	limited	by	
the	availability	of	sufficiently	bright	LEDs	in	the	UV.		Strong	time-dependent	absorbance	of	the	LED	
probe	 light	 was	 observed	 only	 with	 the	 photolysis	 laser	 on	 and	 with	 O2	 present	 in	 flow	 cell.		
Significant	absorbance	due	to	IO	was	observed	at	longer	(~100	μs)	photolysis–probe	delays	while	
the	non-IO	absorbance	reached	a	maximum	after	around	30	μs.		The	relative	appearance	times	are	
similar	 to	those	 in	the	CH2I	+	O2	 reaction,	where	maximum	concentrations	of	 IO	and	CH2OO	were	
reached	after	approximately	100	μs	and	10	μs,	respectively.		IO	is	known	to	be	a	minor	product	of	the	
CH2I	 +	 O2	 reaction	 at	 low	 pressure,	 and	 is	 formed	 both	 directly	 and	 as	 a	 result	 of	 the	 secondary	







used	 previously	 to	 determine	 the	 wavelength-dependent	 absorption	 cross	 section	 for	 CH2OO,44	
which	gave	results	in	excellent	agreement	with	independently	calibrated	measurements.43		First,	the	
initial	CHICl	number	density	is	determined	from	that	of	the	precursor	CHI2Cl,	measured	directly	by	
single-pass	 absorption,	 and	 the	 photolysis	 laser	 fluence,	 assuming	 a	 unit	 quantum	 yield.	 	 Two	















contraction	of	 the	CO	bond,	 extension	of	 the	OO	bond	and	a	decrease	 in	 the	COO	bond	angle.85,86		
However,	projections	of	the	ground	state	vibrational	wavefunctions,	calculated	at	the	MR-PT2	level,	

















maximum	 for	 the	 B} –X} 	 transition	 of	 CH2OO	 is	 ~343	 nm,	 and	 via	 the	 reflection	 principle	 can	 be	
considered	 to	 approximate	 the	 vertical	 excitation	 energy	 (3.61	 eV).	 	 The	 EOM-CCSD	 calculations	
predict	a	vertical	excitation	energy	that	is	around	a	third	of	an	eV	too	high	for	CH2OO.		Assuming	the	
same	offset	for	ClCHOO,	we	predict	respective	absorption	maxima	of	324	nm	and	368	nm	for	the	syn-
















calculated	 at	 the	 seawater	 surface	 for	 solar	 zenith	 angles	 between	0°	 and	60°,	 assuming	 an	80%	
albedo.89		The	values	range	from	(1.6–0.8)×10–2	s–1	yielding	lifetimes	of	1–2	minutes.		These	values	








The	 role	 of	 I	 atom	 chemistry	 in	 the	 troposphere	 has	 been	 investigated	 extensively.2,3	 	 Haloalkyl	
fragments	also	play	a	role	 in	atmospheric	chemistry	as	they	are	generally	thought	to	form	peroxy	
radicals	 after	 reacting	 with	 O2.37	 	 As	 with	 the	 CH2I	 radical,	 reaction	 of	 the	 CHICl	 radical	 with	 O2	




to	 its	 incredibly	 short	 lifetime	and	 lack	of	 field	measurements.	 	Carpenter	et	al.	 found	 that	of	 the	
haloalkanes	 released	 by	 brown	 algae	 from	 Mace	 Head,	 Ireland,	 a	 maximum	 of	 14%	 was	 CHI2Cl	
compared	 to	 35%	 CH2I2	 and	 51%	 CH3I.4	 	 Additional	 measurements	 based	 on	 flux	 rates	 from	 the	
reactions	between	iodide,	dissolved	organic	matter,	and	ozone,	show	that	CHI2Cl	reaches	a	maximum	
of	6%	of	total	haloalkane,	when	the	production	of	CH2I2	and	CH3I	are	minimal.6		Although	only	a	small	




CHI2Cl	 has	 been	 synthesized	 and	 the	 UV	 absorption	 spectrum	 measured.	 	 The	 spectrum	 is	
qualitatively	like	that	of	CH2I2,	but	is	shifted	to	longer	wavelengths	and	it	is	likely	that	photolysis	will	
be	 the	 dominant	 removal	 mechanism	 during	 daylight	 hours	 in	 the	 MBL.	 	 The	 photodissociation	
dynamics	of	CHI2Cl	has	been	investigated	in	detail	at	several	wavelengths	spanning	the	first	three	




than	 typical	C–I	bond	strengths.	 	Anisotropy	parameters	extracted	 from	the	angular	distributions	
approach	the	limiting	value	of	+2	for	a	parallel	transition,	indicating	prompt	dissociation	via	excited	
states	 of	 A″	 symmetry.	 	 High-level	ab	 initio	 calculations	 support	 the	 assertion	 that	 transitions	 to	
states	of	A″	symmetry	are	primarily	responsible	for	the	features	seen	in	the	absorption	spectrum.		
Reaction	between	CHICl	and	O2	leads	to	the	formation	of	a	species	that	absorbs	in	the	345–440	nm	
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Table	 1.	 	 Experimental	 energy	 partioning	 for	 I	 and	 I*	 channels	 of	 CHI2Cl	
photodissociation.	 	 ⟨EINT⟩	 is	partitioned	 into	 ⟨ER⟩	 and	 ⟨EV⟩	 using	 the	Butler	 and	 co-
workers	impulsive	model	described	in	the	text.		Anisotropy	parameters	are	averaged	
over	the	ET	distributions.			
	 λ	/	nm	 EAVL	/	eV	 ⟨ET⟩	/	eV	 ⟨ER⟩	/	eV	 ⟨EV⟩	/	eV	 ⟨β⟩	
	 355.0	 1.76	 0.41	 0.56	 0.80	 +0.79	
	 344.5	 1.87	 0.44	 0.59	 0.84	 +0.82	
I	 304.3	 2.34	 0.54	 0.73	 1.07	 +1.32	
	 281.7	 2.67	 0.63	 0.86	 1.18	 +1.47	
	 266.0	 2.93	 0.68	 0.93	 1.31	 +1.32	
	 344.6	 0.93	 0.28	 0.39	 0.26	 +1.56	
I*	 304.0	 1.41	 0.38	 0.53	 0.49	 +1.27	
	 281.8	 1.73	 0.51	 0.70	 0.51	 +1.49	
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Table	2.	 	Fractional	energy	partitioning	 into	 translation,	 rotation	and	vibration	 for	
CHI2Cl	 photodissociation	 as	 predicted	 by	 the	 soft	 impulsive	 model	 of	 Busch	 and	
Wilson,	or	the	modified	impulsive	model	of	Butler	and	co-workers	(in	parentheses),	
as	discussed	in	the	text.	
	 fT,exp	 fT	 fR	 fv	 ��2 �	
CH2ICl	 0.44	 0.36	 0.56	(0.48)	 0.09	(0.16)	 1.36	
CH2IBr	 0.31	 0.23	 0.66	(0.59)	 0.11	(0.18)	 2.51	
CH2I2	 0.21	 0.19	 0.68	(0.62)	 0.13	(0.19)	 3.28	
CHI2Cl	 0.26	 0.15	 (0.06)	 (0.79)	 0.38	
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Table	 3.	 	 Spin-orbit	 coupled	 MRCI-F12+Q	 electronically	 excited	 state	 energies,	
transtion	dipole	moments	and	percentage	triplet	character	calcaulted	at	the	CCSD(T)-
F12	equilibrium	geometry.		
State	 #	 E–E1	/	eV	 TDM	/	D	 %	triplet	
1	A′	 1	 0.000	 	 99%	
1	A″	 13	 3.768	 0.116	 16%	
2	A″	 14	 4.066	 0.819	 96%	
3	A″	 15	 4.466	 0.526	 46%	
4	A″	 16	 4.734	 0.835	 55%	
6	A″	 18	 5.262	 0.092	 100%	
6	Aʹ	 6	 5.293	 0.083	 99%	
7	Aʹ	 7	 5.489	 0.067	 94%	
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	 λorigin	/	nm	 λmax	/	nm	 f	
CH2OO	 343	(431)	 314	(~343)	 0.153	
syn-ClCHOO	 324	(<420	nm)	 298	(<345)	 0.159	





Figure	 1.	 	 (a)	 Absorption	 spectrum	 for	 CHI2Cl	 (green)	 at	 295	 K	 overlaid	 with	
individual	 Gaussian	 components	 (dashed)	 and	 AM1.5	 solar	 irradiance	 spectrum	
(gray,	shaded).		The	comb	indicates	the	photolysis	wavelengths	used	for	ion	imaging	




























Figure	 5.	 	 Decomposition	 of	 the	 iodine	 atom	 speed	 distribution	 obtained	 at	 a	
photolysis	wavelength	of	304	nm	using	VUV	ionization	(black).		The	best-fit	fit	linear	


















Figure	 7.	 	 MRCI-F12+Q	 calculated	 (black)	 and	 experimental	 (green)	 absorption	
spectra	 for	 CHI2Cl.	 	 The	 stick	 spectrum	 shows	 transition	 dipole	 moments	 plotted	







CHI2Cl.	 	 (a)	MRCI-F12+Q!spin-free	PECs,	 (b)	CASSCF	spin-orbit	coupled	PECs.	 	Red	
curves	are	states	with	A′	symmetry	at	the	Cs	equilibrium	geometry	and	blue	curves	
are	A″	symmetry.		In	panel	(a)	solid	lines	indicate	singlet	states,	while	dashed	curves	
indicate	triplet	states.		In	panel	(b),	the	states	primarily	responsible	for	the	absorption	
spectrum	are	emboldened.	
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Figure	9.		(a)	UV	absorption	spectrum	of	ClCHOO	(green)	and	CH2OO	(gray).		(b)	and	
(c)	show	the	residuals	after	subtraction	of	a	smoothed	spectrum.		The	vertical	lines	
indicate	the	positions	of	vibrational	bands.		The	oscillations	at	λ	>	420	nm	in	panel	(c)	
arise	from	over-subtraction	of	the	background	IO	absorbance.	
